Experiments were performed on ten reinforced concrete beams having second layer-cutoff bars to study the influence of the bond reinforcement upon bond splitting strength and cracking behaviors. The second layer bars have three different cutoff lengths and been reinforced by transverse bars of various configurations including opened type for easy construction. Test results showed that the bond stress at the tip of second layer bars were increased rapidly and degraded before peak loads, and that reinforcement effect of opened type bars were reduced to 60% of closed type bars. FE analyses for three type transverse bars were also carried out to investigate reinforcement effect against bond splitting only due to the wedge action of deformed bar, and provided valuable information about the effect of the transverse bars on the bond splitting behaviors.
2cal : Bond strength of 2 nd layer longitudinal bar by AIJ design guideline 1) / 0.8 y : Bond stress of 2 nd layer longitudinal bar when yielding based on sectional analysis Q 2BUM : Bond capacity of 2 nd layer longitudinal bar based on sectional analysis Q FU : Flexural capacity based on sectional analysis when cu =0.3 Q BU and Q SU : Bond splitting capacity and Shear capacity by AIJ design guideline 1) respectively (Shear capacity is calculated with p w being 0.3%) Q 1BU : Bond splitting capacity of only 1 st layer longitudinal bar by neglecting bond bars and 2 nd layer longitudinal bars around midspan Table 1  10 350 mm×500 mm 2,550 mm 1 4-D22 y=1000 N/mm 2 U7.1@80 y =1456 N/mm 2 p w =0.3% SD390 Table 2 Fc39 Table 4 0.8 4.9 -0.9 5.1 1.4 1.3 -0.1 Out-1 st 2.5 0.4 1.7 -0.8 1.9 1.4 -0.5 Out-2 nd 3.5 2.7 4.5 0.7 0.8 -0.2 1/67
In-1 st 1.3 1.3 0 1.3 0.7 0.7 0.4 (Q max ) In-2 nd 5.9 -1.0 4.8 2.2 2.0 0.1 Out-1 st 2.6 2.6 1.0 1.0 2.2 0.6 -1.0 Out-2 nd 2.9 2.8 5.4 1.4 2.1 0.1 1/50
In-1 st 1.3 1.3 -2.0 1.1 0.4 0.5 0.7 In-2 nd 5.0 -2.4 3.0 2.3 1.7 0.1 Out-1 st 2.1 2.1 2.0 1.3 -0.9 0.8 -1.5 Out-2 nd 0.9 1.4 4.0 1.6 2.3 0.3
In-1 st 0.3 2.5 0.3 2.0 2.4 -0.3 1.2 In-2 nd 5.8 4.6 2.7 1.7 3.5 -0.3 Out-1 st 3.0 3.0 -1.9 4.5 2.7 0.4 -0.1 Out-2 nd 6.3 6.4 2.8 -0.3 3.2 -0.2 1/50
In-1 st 0 2.5 0.9 2.5 2.7 -0.8 1.3 In-2 nd 7.6 3.8 2.7 1.9 4.4 -0.4 Out-1 st 3.8 3.8 -1.8 4.8 2.8 -0.2 -0.4 Out-2 nd 6.7 4.3 4.9 0.1 3.4 0.7 1/33
In-1 st 1.9 3.9 1.0 2.4 2.8 -1.4 1.1 (Q max ) In-2 nd 6.1 4.1 3.5 1.7 5.1 -0.8 Out-1 st 5.2 5.2 -1.4 4.6 2.7 -1.6 -0.9 Out-2 nd 4.5 0.9 5.0 0.5 4.1 2.2 OI-0.6-M
1/67
In-1 st 1.3 1.0 1.3 1.3 1.1 1.2 0.5 In-2 nd 6.8 3.0 3.2 2.0 1.7 0.4 Out-1 st 4.4 1.3 1.0 1.3 2.6 3.2 -2.7 Out-2 nd 4.2 5.1 3.0 2.9 2.6 -0.1 1/50
In-1 st 2.5 2.5 1.4 1.7 0.5 0.9 0 (Qmax) In-2 nd 4.2 4.3 4.1 2.9 1.9 0.5 Out-1 st 4.0 4.1 2.5 1.6 2.2 1.4 -3.6 Out-2 nd 0.9 3.6 2.9 3.1 4.8 1.0 1/33
In In-1 st 0.4 1.7 -0.1 2.6 0.4 2.4 0.5 In-2 nd 7.6 2.9 3.8 1.8 0.8 -0.1 Out-1 st 4.0 -3.2 1.8 1.8 2.9 4.8 -2.7 Out-2 nd 7.5 2.7 3.5 2.1 1.4 -1.1 1/50
In-1 st 1.1 3.2 -0.6 2.6 0.4 3.7 0 (Q max ) In-2 nd 7.0 3.9 4.1 1.6 1.0 0.1 Out-1 st 5.4 -2.8 1.9 0.8 2.6 5.3 -3.6 Out-2 nd 4.4 4.3 4.2 3.0 2.0 -0.9 1/33
In-1 st -0.9 -0.9 -0.9 1.3 0.4 1.9 -0.4 In-2 nd 3.4 3.5 3.9 1.8 0.7 0.2 Out-1 st 3.6 3.6 3.5 0 0.5 0.3 -3.1 Out-2 nd -0.4 4.1 3.7 3.6 2.1 -0.6 OI-0.6-S
In-1 st 1.9 4.4 -0.6 0.2 0.9 1.7 -0.6 In-2 nd 5.7 4.3 3.3 1.6 0.2 Out-1 st 4.3 2.8 1.7 0.1 -0.2 1.6 -0.4 Out-2 nd 4.1 4.0 3.7 3.9 -0.2 1/50
In-1 st 2.4 2.4 -1.9 0 0.8 1.7 -0.7 (Qmax) In-2 nd 4.8 5.2 3.6 2.2 0.2 Out-1 st 4.6 2.5 2.5 0.5 -0.5 0.6 -0.9 Out-2 nd 2.4 3.5 3.8 4.8 0.7 1/33
In-1 st 0.7 0.7 0.7 0.1 0.7 1.1 -0.6 In-2 nd 3.0 3.7 2.7 2.3 0.1 Out-1 st 2.0 2.0 2.0 1.0 -0.9 -0.5 -1.3 Out-2 nd 1.8 1.5 2.3 4.1 0.9
Note: Location of In-1 st indicates inside 1 st layer bar, In-2 nd inside 2 nd layer bar, Out-1 st outside 1 st layer bar, and Out-2 nd outside 2 nd layer bar Table 5 OE-type Cyclic loading was applied by displacement control using two oil jacks so that antisymmetric flexural would occur in the specimen. The displacement was decreased when the rotation angle of the beam amounted to ±1/800, ±1/400, ±1/200, ±1/100, ±1/67, ±1/50, and ±1/33, until peak load was reached. The relative displacement (horizontal and vertical) between the stubs was measured using a displacement-measuring jig attached to the left and right stubs. Strains on the longitudinal reinforcement were measured at the some spacing to calculate the bond stress.
Strains on the transverse reinforcement were also measured to estimate the efficiency of bond retrofitting bars.
Test results showed that cracking began at the tip of the second layer cutoff bar and propagated diagonally due to the effect of shear force.
Finally, the bond splitting of the first layer longitudinal bars about the center of beams increased greatly because no bond retrofitting bar is arranged there. The bond stress at the tip of the second layer bars were increased rapidly from the small rotation angle and degraded before peak loads. The peak load and the bond strength of specimens having opened retrofitting bars decreased compared with specimens having opened retrofitting bars and it is necessary to reduce the cross section of opened retrofitting bars by 40 % in evaluating the bond strength. Furthermore, increasing of the ratio of opened bond retrofitting bar decreased the reinforcement efficiency and there is a limit on the quantity of opened bond retrofitting bars. On the other hand, the bond strength reinforced by closed type bars was higher than the past test results. Some bond retrofitting bars reached to the yield strength although it is not specified in the present design code.
FE analyses for three type specimens (standard without bond retrofitting bars, closed interior type and opened exterior type) were also carried out to investigate reinforcement effect against bond splitting only due to the wedge action of deformed bar. The analytical results showed that cracking between interior longitudinal bars primary caused a bond splitting failure and that transverse bar arrangement near longitudinal bars is the most effective against the bond splitting failure. 
